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Abstract
An experiment was conducted to evaluate the effects of six experimental diets on growth performance, ammonia
excretion and immunity of albino and normal Apostichopus japonicus. A factorial design was used, the factors being
type of diets (six levels) and colour of A. japonicus (two levels). A total of 30 randomly selected albino A. japonicus were
housed in each (60 × 50 × 30 cm ) of 18 blue plastic aquaria to form six groups in triplicate, and the same set-up was
used for the normal A. japonicus. Each group of animals was fed with one of the six experimental diets. Apparent dry
matter digestibility (ADMD) and apparent crude protein digestibility (ACPD) were analysed using acid-insoluble ash
(AIA) content method. At the end of the experiment, all A. japonicus were harvested and weighed to calculate growth
parameters. After weighing, six individuals from each aquarium were randomly sampled for immune indices. Results
indicated that all growth parameters of A. japonicus increased with decreasing nutrient content in their diets (p <.01),
whereas an opposite result was observed in case of the ammonia-nitrogen production by A. japonicus. Normal
A. japonicus grew better (p <.01) and produced lower (p <.01) quantity of ammonia nitrogen compared to the albino
A. japonicus. Immunity particularly superoxide dismutase and lysozyme activities was higher (p <.05) in normal
compared to albino A. japonicus. Considering all measured variables, D1 (diet containing crude protein, crude lipid,
carbohydrate and crude ash 51.8, 8.7, 231.3, 708.2 g/kg, respectively) was the best diet among all experimental diets.
More research is still needed to optimize nutrients in the diet of A. japonicus, as this study does not provide
information about critical threshold level of nutrients in diets. Until then, diet D1 can be recommended for
A. japonicus aquaculture. © 2017 John Wiley & Sons Ltd
Reaxys Database Information
Author keywords
ammonia excretion apparent digestibility diet growth immunity metabolism sea cucumber
◅ Back to results
 Export  Download  Print  E-mail  Save to PDF ⋆ Add to List  ▻More...
View at Publisher
Aquaculture Nutrition
Volume 24, Issue 3, June 2018, Pages 1076-1084
Xia, S.-D.abc Li, M.d Zhang, L.-B.ab  Rahman, M.M.e Xu, Q.-Z.f Sun, L.-N.ab Liu, S.-L.ab Yang, H.-S.ab

a
b
c
  View additional affiliations
 View references (39)
3
ISSN: 13535773
CODEN: AQNUF
Source Type: Journal
Original language: English
DOI: 10.1111/anu.12646
Document Type: Article
Publisher: Blackwell Publishing Ltd
 ▻View in search results format
PlumX Metrics
Usage, Captures, Mentions,
Social Media and Citations
beyond Scopus.
Metrics 
0 Citations in Scopus
0 Field-Weighted
Citation Impact
Cited by 0 documents
Inform me when this document
is cited in Scopus:
 
Related documents
,  , 
(2015) Aquaculture
,  , 
(2018) Aquaculture Research
,  , 
(2018) Aquaculture Nutrition
  


Set citation alert ▻
 ▻Set citation feed
Substituting seaweed with corn
leaf in diet of sea cucumber
(Apostichopus japonicus): Effects
on growth, feed conversion ratio
and feed digestibility
 Wu, B. Xia, S. Rahman, M.M.
Effects of dietary protein levels on
the activity of the digestive
enzyme of albino and normal
Apostichopus japonicus (Selenka)
 Xia, S. Zhao, W. Li, M.
Effect of dietary lipid on growth,
expression of canthaxanthin-
based coloration, digestive
enzymes activities and immunity
in blood parrot cichlid
Amphilophus citrinellus ×
Paraneetroplus synspilus
 Li, M. Rahman, M.M. Lin, Y.-C.
View all related documents based
on references
Alexander, J.B., Ingram, G.A. 
 
(1992) Annual Review of Fish Diseases, 2 (C), pp. 249-279.  . 
doi: 10.1016/0959-8030(92)90066-7 
(1990) Official methods of analysis, p. 1298.  . 
(p., Arlington, VA, AOAC (Association of Official Analytical Chemists) 
 
Kehas, A.J., Theoharides, K.A., Gilbert, J.J. 
 
(2005) Marine Biology, 146 (6), pp. 1111-1117.  . 
doi: 10.1007/s00227-004-1514-4 
Atkinson, J.L., Hilton, J.W., Slinger, S.J. 
 
(1984) Canadian Journal of Fisheries and Aquatic Sciences, 41 (9), pp. 1384-1386.  . 
 
doi: 10.1139/f84-170 
Baker, C., Lund, P., Nyathi, R., Taylor, J. 
 
(2010) Journal of African Cultural Studies, 22 (2), pp. 169-181.  . 
doi: 10.1080/13696815.2010.491412 
Bondari, K. 
 
(1984) Aquaculture Research, 15 (3), pp. 131-140.  . 
doi: 10.1111/j.1365-2109.1984.tb00844.x 
Bradford, M.M. 
 
(1976) Analytical Biochemistry, 72 (1-2), pp. 248-254.  . 
doi: 10.1016/0003-2697(76)90527-3 
     All Export  Print  E-mail  Save to PDF Create bibliography
1
Noncellular nonspecific defence mechanisms of fish
Cited 342 times
View at Publisher
2 Cited 32757 times
3
Effect of sunlight intensity and albinism on the covering response of the Caribbean sea
urchin Tripneustes ventricosus
Cited 33 times
View at Publisher
4
Evaluation of acid-insoluble ash as an indicator of feed digestibility in rainbow trout
(Salmo gairdneri)
Cited 116 times
http://pubs.nrc-cnrc.gc.ca/
View at Publisher
5
The myths surrounding people with albinism in South Africa and Zimbabwe
Cited 13 times
View at Publisher
6
Performance of Albino and Normal Channel Catfish (Ictalurus punctatus) in Different
Water Temperatures
Cited 6 times
View at Publisher
7
A rapid and sensitive method for the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding
Cited 180461 times
View at Publisher
Find more related documents in
Scopus based on:
 ▻Authors  ▻Keywords
Campa-Córdova, A.I., Hernández-Saavedra, N.Y., De Philippis, R., Ascencio, F. 
 
(2002) Fish and Shellfish Immunology, 12 (4), pp. 353-366.  . 
 
doi: 10.1006/fsim.2001.0377 
Chen, C.F., Ji, G.L. 
Activities and characterization of bacteriolytic substances in serum, skin and intestine mucus of grass carp 
(1992) Journal of Huazhong Agricultural University, 11, pp. 276-279.  . 
 
Croy, M.I., Hughes, R.N. 
 
(1991) Animal Behaviour, 42 (1), pp. 131-139.  . 
doi: 10.1016/S0003-3472(05)80613-X 
Ebling, M.E. 
The Dumas method for nitrogen in feeds 
(1968) Journal AOAC International, 51, pp. 766-770.  . 
 
(2016) FishstateJ 
Rome, Italy, FAO Fisheries Statistics Software 
 
(2013) China fishery statistical yearbook.  . 
Beijing, China, China Agriculture Press 
 
Gu, M., Ma, H., Mai, K., Zhang, W., Ai, Q., Wang, X., Bai, N. 
 
(2010) Aquaculture, 306 (1-4), pp. 49-56.  . 
doi: 10.1016/j.aquaculture.2010.05.024 
Higashino, K., Hashinotsume, M., Kang, K.-Y., Takahashi, Y., Yamamura, Y. 
 
(1972) Clinica Chimica Acta, 40 (1), pp. 67-81.  . 
doi: 10.1016/0009-8981(72)90252-5 
Krug, F.J., Růžička, J., Hansen, E.H. 
 
(1979) The Analyst, 104 (1234), pp. 47-54.  . 
doi: 10.1039/an9790400047 
8
Generation of superoxide anion and SOD activity in haemocytes and muscle of
American white shrimp (Litopenaeus vannamei) as a response to β-glucan and
sulphated polysaccharide
Cited 150 times
http://www.elsevier.com/inca/publications/store/6/2/2/8/3/2/index.htt
View at Publisher
9
Cited 17 times
10
Effects of food supply, hunger, danger and competition on choice of foraging location
by the fifteen-spined stickleback, Spinachia spinachia L.
Cited 64 times
View at Publisher
11
Cited 89 times
12
13 Cited 182 times
14
Immune response of sea cucumber Apostichopus japonicus coelomocytes to several
immunostimulants in vitro
Cited 44 times
View at Publisher
15
Studies on a variant alkaline phosphatase in sera of patients with hepatocellular
carcinoma
Cited 103 times
View at Publisher
16
Determination of ammonia in low concentrations with Nessler's reagent by flow
injection analysis
Cited 77 times
View at Publisher
Li, Y., Guo, G.-H., Gu, W.-W. 
Comparisons of serum contents of immunoglobulin, complement 3, complement 4 and fifty percent
hemolytic unit of complement between FMMU albino guinea-pigs and pigment ones 
(2003) Progress in Veterinary Medicine, 24, pp. 91-92. 
amp;, (in Chinese, with English abstract). 
 
Mendes, R., Cardoso, C., Pestana, C. 
 
(2009) Food Chemistry, 112 (4), pp. 1038-1045.  . 
doi: 10.1016/j.foodchem.2008.06.052 
Onyia, U.L., Ochokwu, I.J., Akume, C.P. 
Growth and survival of normal coloured and albino clarias gariepinus and their reciprocal hybrids 
(2016) Nigerian Journal of Fisheries and Aquaculture, 4, pp. 22-27. 
 
Qinghua, C. 
Comparisons on immunity indicator of Serum Between FMMU Albino Guinea-Pigs and Pigment Ones
(Cavia porcellus) 
(2009) Chinese Journal of Animal Husbandry and Veterinary Medicine, 1, p. 41. 
(in Chinese). 
 
Rahman, M.M. 
 
(2015) Aquaculture Environment Interactions, 6 (3), pp. 223-232.  . 
 
doi: 10.3354/aei00127 
Rahman, M.M. 
 
(2015) Frontiers in Life Science, 8 (4), pp. 399-410.  . 
 
doi: 10.1080/21553769.2015.1045629 
Rahman, M.M., Balcombe, S.R. 
 
(2017) Journal of Applied Ichthyology, 33 (1), pp. 146-151. 
 
doi: 10.1111/jai.13157 
Rahman, M.M., Hossain, M.Y., Jo, Q., Kim, S.-K., Ohtomi, J., Meyer, C. 
 
(2009) Ichthyological Research, 56 (1), pp. 28-36.  . 
doi: 10.1007/s10228-008-0062-1 
17
18
Measurement of malondialdehyde in fish: A comparison study between HPLC
methods and the traditional spectrophotometric test
Cited 72 times
View at Publisher
19
20
21
Effects of co-cultured common carp on nutrients and food web dynamics in rohu
aquaculture ponds
Cited 11 times
http://www.int-res.com/articles/aei2014/6/q006p223.pdf
View at Publisher
22
Role of common carp (Cyprinus carpio) in aquaculture production systems
Cited 10 times
http://www.tandfonline.com/action/aboutThisJournal?journalCode=tfls20
View at Publisher
23
Competitive interactions under experimental conditions affect diel feeding of two
common aquaculture fish species Labeo calbasu (Hamilton, 1822) and Cirrhinus
cirrhosus (Bloch, 1795) of southern Asia
http://www3.interscience.wiley.com/journal/118532745/toc
View at Publisher
24
Ontogenetic shift in dietary preference and low dietary overlap in rohu (Labeo rohita)
and common carp (Cyprinus carpio) in semi-intensive polyculture ponds
Cited 22 times
View at Publisher
Rahman, M.M., Kadowaki, S., Balcombe, S.R., Wahab, M.A. 
 
(2010) Ecological Research, 25 (2), pp. 303-309.  . 
doi: 10.1007/s11284-009-0657-7 
Rahman, M.M., Meyer, C.G. 
 
(2009) Journal of Fish Biology, 74 (10), pp. 2269-2278.  . 
doi: 10.1111/j.1095-8649.2009.02236.x 
Rahman, M.M., Verdegem, M.C.J. 
 
(2007) Fishponds in Farming Systems, pp. 79-88.  . 
 
ISBN: 978-908686013-5 
doi: 10.3920/978-90-8686-596-3 
Rahman, M.M., Verdegem, M. 
 
(2010) Applied Animal Behaviour Science, 128 (1-4), pp. 103-108.  . 
doi: 10.1016/j.applanim.2010.09.015 
Seo, J.-Y., Lee, S.-M. 
 
(2011) Aquaculture Nutrition, 17 (2), pp. e56-e61.  . 
doi: 10.1111/j.1365-2095.2009.00728.x 
Sloan, N.A. 
(1985) Echinoderm fisheries of the world: a review. Echinodermata, pp. 109-124.  . 
(Proceedings of the Fifth International Echinoderm Conference). A.A. Balkema Publishers, Rotterdam, the
Netherlands 
 
Spritz, R.A., Chiang, P.-W., Oiso, N., Alkhateeb, A. 
 
(2003) Current Opinion in Genetics and Development, 13 (3), pp. 284-289.  . 
 
doi: 10.1016/S0959-437X(03)00059-5 
25
Common carp (Cyprinus carpio L.) alters its feeding niche in response to changing
food resources: Direct observations in simulated ponds
Cited 30 times
View at Publisher
26
Effects of food type on diel behaviours of common carp Cyprinus carpio in simulated
aquaculture pond conditions
Cited 18 times
View at Publisher
27
Multi-species fishpond and nutrient balance
Cited 18 times
http://www.wageningenacademic.com/Default.asp?
pageid=58&docid=16&artdetail=Fishponds&webgroupfilter
View at Publisher
28
Effects of intra- and interspecific competition on diet, growth and behaviour of Labeo
calbasu (Hamilton) and Cirrhinus cirrhosus (Bloch)
Cited 18 times
View at Publisher
29
Optimum dietary protein and lipid levels for growth of juvenile sea cucumber
Apostichopus japonicus
Cited 44 times
View at Publisher
30
Cited 110 times
31
Human and mouse disorders of pigmentation
Cited 57 times
http://www.elsevier.com/locate/gde
View at Publisher
Wang, S.-H., Chen, J.-C. 
 
(2005) Fish and Shellfish Immunology, 19 (3), pp. 191-204.  . 
 
doi: 10.1016/j.fsi.2004.11.003 
Wang, J., Hou, L., Zhang, R., Zhao, X., Jiang, L., Sun, W., An, J., (...), Li, X. 
 
(2007) Chinese Journal of Oceanology and Limnology, 25 (2), pp. 191-198.  . 
doi: 10.1007/s00343-007-0191-9 
Wu, B., Xia, S., Rahman, M.M., Rajkumar, M., Fu, Z., Tan, J., Yang, A. 
 
(2015) Aquaculture, 444, pp. 88-92.  . 
 
doi: 10.1016/j.aquaculture.2015.03.026 
Xia, S., Yang, H., Li, Y., Liu, S., Xu, Q., Rajkumar, M. 
 
(2013) Aquaculture, 384-387, pp. 128-133.  . 
doi: 10.1016/j.aquaculture.2012.12.021 
Xia, S., Yang, H., Li, Y., Liu, S., Zhou, Y., Zhang, L. 
 
(2012) Aquaculture, 338-341, pp. 304-308.  . 
doi: 10.1016/j.aquaculture.2012.01.010 
Xia, S., Zhao, P., Chen, K., Li, Y., Liu, S., Zhang, L., Yang, H. 
 
(2012) Aquaculture, 344-349, pp. 205-209.  . 
doi: 10.1016/j.aquaculture.2012.03.022 
Xing, J., Leung, M.-F., Chia, F.-S. 
 
(1998) Invertebrate Biology, 117 (1), pp. 67-74.  . 
 
doi: 10.2307/3226853 
32
The protective effect of chitin and chitosan against Vibrio alginolyticus in white shrimp
Litopenaeus vannamei
Cited 111 times
http://www.elsevier.com/inca/publications/store/6/2/2/8/3/2/index.htt
View at Publisher
33
The tyrosinase gene family and albinism in fish
Cited 11 times
View at Publisher
34
Substituting seaweed with corn leaf in diet of sea cucumber (Apostichopus japonicus):
Effects on growth, feed conversion ratio and feed digestibility
Cited 16 times
http://www.journals.elsevier.com/aquaculture/
View at Publisher
35
Effects of food processing method on digestibility and energy budget of Apostichopus
japonicus
Cited 13 times
View at Publisher
36
Effects of different seaweed diets on growth, digestibility, and ammonia-nitrogen
production of the sea cucumber Apostichopus japonicus (Selenka)
Cited 40 times
View at Publisher
37
Feeding preferences of the sea cucumber Apostichopus japonicus (Selenka) on various
seaweed diets
Cited 19 times
View at Publisher
38
Quantitative analysis of phagocytosis by amebocytes of a sea cucumber, holothuria
leucospilota
Cited 48 times
http://www.blackwellpublishers.co.uk/journal.asp?ref=1077-8306&site=1
View at Publisher
 1 of 1
Zhao, H., Yang, H., Zhao, H., Liu, S., Wang, T. 
 
(2012) Chinese Journal of Oceanology and Limnology, 30 (1), pp. 80-91.  . 
doi: 10.1007/s00343-012-1043-9 
 Zhang, L.-B.; CAS Key Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology, Chinese
Academy of Sciences, Qingdao, China; email:   
© Copyright 2018 Elsevier B.V., All rights reserved.
39
Differences in MITF gene expression and histology between albino and normal sea
cucumbers (Apostichopus japonicus Selenka)
Cited 13 times
View at Publisher
 
zhanglibin@qdio.ac.cn
◅ Back to results  Top of page
About Scopus
What is Scopus
Content coverage
Scopus blog
Scopus API
Privacy matters
Language
⽇本語に切り替える
切换到简体中文
切換到繁體中文
Русский язык
Customer Service
Help
Contact us
 
Copyright © 2018 . All rights reserved. Scopus® is a registered trademark of
Elsevier B.V. 
Cookies are set by this site. To decline them or learn more, visit our .
Terms and conditions Privacy policy
Elsevier B.V
Cookies page
